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Abstract: Stope backfilling with mine wastes has become a common practice in underground mines
worldwide. Despite the increasing popularity in paste and rock fills, hydraulic fill made of classified
mill tailings or sands remains commonly used in many mines. When such a slurried material is
placed in a mine stope, a phenomenon known as segregation can take place associated with the
quick drainage and consolidation of the hydraulic fill, thereby leading to a heterogeneous fill mass.
While numerous publications have focused on the alleviation of segregation, there are few studies
on the characterization of the distribution of geotechnical properties within hydraulic fill due to
segregation. It is particularly scarce to quantify the spatial variation of the segregation and the
resulting geotechnical properties after a backfill is placed in an opening. There is also a gap to
quantitatively describe the degree of segregation using an appropriate expression or definition.
The aim of this study is to investigate the effect of the segregation on the spatial variation of
the geotechnical properties of hydraulic fill. Laboratory tests were performed with the cemented
hydraulic backfill prepared with columns of different heights. The experimental results indicate that
the segregation takes place and the resulting physical and mechanical properties can vary throughout
the columns for samples higher than twice of the standard size. These results also indicate that the
mechanical properties of a hydraulic fill obtained in a laboratory following the current practice with
standard samples may not be representative of the fill mass placed in mine stopes. Expressions are
proposed to quantify the degree of segregation associated with the spatial variation of particle sizes
of mine hydraulic backfill.
Keywords: hydraulic backfill; segregation; degree of segregation; unconfined compression strength;
laboratory tests
1. Introduction
Stope filling with mine wastes has become a common practice in underground mines across
the world. Mine backfill can provide a safer working platform or space, improve the ground
stability, increase ore recovery, reduce ore dilution, and improve the efficiency of ventilation [1–17].
The use of mill tailings as backfill materials can also decrease the surface disposal of mine wastes.
The environmental impact due to the mine wastes [18,19] and the geohazards associated with their
surface storage facilities can thus be reduced [20]. Similarly, stope filling with municipal wastes
can become an interesting solution to reduce environmental impact associated with the increasing
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generation of municipal wastes, improve ground stability of mine stopes, and reduce subsidence of
ground surface above mine cavities [21].
Despite the popularity of paste fill, hydraulic fill (HF) remains widely used in Australia, Canada,
China, Poland, and elsewhere [22,23]. A backfill can be classified as paste fill when the following two
criteria are met [3]: (1) the backfill contains at least 15% of particles smaller than 20 µm; (2) the fill
does not bleed water upon deposition. Nowadays, the first criterion can be satisfied by almost all mill
(full) tailings produced from hard rock mines [24], due to finer and finer mill tailings resulted from
improved process technology. In many cases, the second criterion is ignored so that a backfill made of
full tailings (called unclassified tailings in China) is generally called paste backfill.
As a saturated or over-saturated granular material would always bleed water following the
self-weight consolidation [25–27], a backfill meeting the aforementioned second criterion of paste
backfill is probably unsaturated [28] and cohesive (due to suction). Its transportation by pipelines
can thus be difficult. In practice, excessive water is commonly added to increase the fill‘s flowability.
Pipeline wash-out before and after each filling cycle is another reason for the increased water content
of the backfill. All these planned or unplanned water additions tend to saturate or over saturate the
backfill, thereby failing the second criterion of paste backfill. This type of backfill is then sometimes
called hydraulic backfill or pulp backfill (to distinguish with the conventional hydraulic backfill).
Hydraulic fill is made of sand or deslimed mill tailings, or a mixture of both [29–31]. A hydraulic
backfill should not contain more than 10% of particles smaller than 10 µm [3]. In most cases, a portion
of fine particles has to be removed through hydrocyclone or other desliming operations. This is
the targeted hydraulic backfill (called classified backfill in China) in this study. To ease its pipeline
transportation, HF usually contains a lot of water with solids content varying between 65% and
75% [2,3,32]. Binders can be added to produce a cemented hydraulic fill (CHF).
As the content of fine particles is low, hydraulic fill usually has a relatively high hydraulic
conductivity, typically in the order of magnitude between 10−5 m/s and 10−6 m/s [2,3,33–36].
Upon deposition in a stope, the drainage and consolidation can take place quickly within HF, leading
to the bleeding of free water from the barricades and ponding on the top surface of fill. The relatively
high velocity of upward flow can drive fine particles upward while the downward flow can accelerate
the settlement of HF particles. Subsequently, the coarse particles generally tend to settle down, whereas
the fine particles can migrate with the water flow up toward the top of the backfill or down toward the
bottom of the stope, depending on their initial position and drainage water flow direction. This results
in a heterogeneous fill mass, generally with more fine particles in the upper part and more coarse
particles in the lower part. A phenomenon known as segregation occurs.
Segregation is defined as a spatial variation of the physical properties of a material [37,38].
In civil engineering, the segregation of concrete has been well studied [39–43]. In mining engineering,
segregation is commonly observed in tailings ponds, where more coarse particles are located near the
discharge points while more fine particles migrate farther [44–46]. Segregation is also well documented
in pipeline transportation [3,29,47–51].
In mine backfilled stopes, the heterogeneity of hydraulic backfill associated with the segregation
has been frequently reported [22,52–64]. Many efforts have been devoted to reducing the segregation
by adding flocculent substance [53,57,63,65,66]. However, few studies have focused on the
characterization of segregation and its effect on the physical and mechanical properties of the backfill
deposited in the stope. It is particularly uncommon to quantify the spatial variation of the segregation
and the resulting geotechnical properties after a backfill is deposited in an opening. There is also a gap
in quantitatively describing the degree of segregation using an appropriate expression or definition.
In this paper, the segregation (and the resulting spatial variation of physical and mechanical properties)
of a CHF is investigated using laboratory tests performed on CHF samples prepared in columns
of different heights. Expressions are proposed to quantitatively define the degree of segregation
associated with the spatial variation of particle sizes of hydraulic backfill.
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2. Material and Test Procedure
Figure 1 shows the test program used to investigate the segregation of a hydraulic backfill.
The column molds are made of Plexiglas columns (5 cm in internal diameter) of 15, 25, 50, and 95 cm
high, respectively. Backfill samples were prepared in such a way that they would finally settle to 10,
20, 40, and 80 cm high, respectively; calculations were based on an analytical solution developed for
estimating the heights of pond and settled backfill placed in columns, inspired from that of Yang and
Li [67] developed for rectangular cross-section stopes.
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Figure 1. Illustration of cemented hydraulic fill (CHF) samples prepared in four columns; the number
indicates the position of each sample of 10 cm high.
The solids of the HF are compos d by 80% sands (deslimed by sieving) and 20% mill tailings
(from a mine located in the Abitibi r gion of Quebec, Canada). The s lid mixture has a specific gravity
of 2.69, a maximum void ratio emax of 0.72, a minimum void ratio emin of 0.36, a porosity n ranging
between 26% and 42%, an optimum water content wopt of 11.8%, and a maximum dry unit weight
γd of 19.35 kN/m3. Figure 2 shows the particle size distribution of the sand-tailings mixture, which
has 5% of particles smaller than 10 µm, 10% of p rticles ssing 31 µm, 50% of particles smaller than
214 µm, and a coefficient of uniformity of 8.3. More details of the physical properties of the mixture are
summarized in Table 1. The mixture is a well graded non-plastic silty sand (SM) based on the Unified
Soil Classification System classification.
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Table 1. Physical characteristics of the sand-tailings mixture used to produce CHF.
Physical Properties Values
Specific gravity 2.69






Coefficient of uniformity (Cu) 8.3
Coefficient of curvature (Cc) 2.2
Maximum void ratio (emax) 0.72
Minimum void ratio (emin) 0.36
Optimum water content wopt (%) 11.8
Porosity n (%) 26–42
Maximum dry unit weight γd (kN/m3) 19.35
Ordinary Portland cement (type 10) was used at a ratio of 1:20 (sand-tailings mixture) to produce
a CHF with a cement content of 5%. De-aired water was used to make a CHF with solids content of
70%. The saturated hydraulic conductivity of the CHF is measured to be 2.41 × 10−6 m/s (constant
head) and 2.35 × 10−6 m/s (variable head) after 24 h of saturation [68].
Figure 3 shows the preparation technique adopted in this study, which is mostly like a combined
method of water pluviation and slurry deposition [69]. The sample was prepared following the
steps below:
(1) The sand-tailings mixture and the cement are mixed and well agitated to make a homogeneous
CHF material.
(2) The CHF solids were slowly poured into a mold which was first filled with de-aired water.
The weights of solids and de-aired water were based on the solid content of CHF, to guarantee
that the height of the consolidated fill is close to the expected height after 28 days’ curing.
(3) After the sedimentation of the CHF particles, the mold was agitated vigorously by shaking and
turning the column upside–down.
(4) The column was then placed on a horizontal surface to allow the settlement of the CHF particles
under room temperature (22 ◦C) for 28 days. The base of the column is impervious, with no
drainage allowed at the base.
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Figure 4 shows the CHF specimens within columns of different heights. Ponding can be observed
on the top surface of the backfill due to upward drainage. Consequently, the thickness of the backfill
was reduced due to self-weight consolidation.
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t t e curing time of 28 days, the columns were cut into 10 cm long specimens with a rock cutting
saw machine. T e CHF specimens were taken out fr m the tubes by applying a pressure on one
e d of the CHF. One, two, f ur, and eight samples of 10 cm high were obtained ith t e c l s
f 15, 20, 50, a 95 c i , res ecti el . e sa les f 5 c i ia eter a 10 c i ere
teste t eas re t eir iaxial c ressi e stre t ( S), it eac test re eate t ree ti es. e
test r ra thus included 45 unconfined compression tests. The tests were performed following
the ASTM (American Society for Testing and Materials) standard developed for c li rical c crete
s eci e s [70]. e axial loa i as a lie co trolli t e strai rate at a al e of 1 i .
fter t e iaxial co ressive tests, t e cr s e sa les ere collecte to eas re t e article
size istrib tio of t e bac fill locate at iffere t ele atio s of eac col . e sie e a al sis as
erfor e after estroyi g a gri i g t e sa les i to a o er-like aterial. e ortio of fi e
articles s aller t a 80 µ as t e s bjecte to se i e to eter tests. o a itio al col s of
10 c an 80 c high ere added to define the variation of the porosity and ensity of the CHF due to
segregation. The samples are 2 cm hig for the 10 cm column (resulting i 5 samples), and 5 cm for the
80 cm column (resulting in 15 samples). More details can be found in Dalcé [71] for the measurement
of dry density an porosity.
article size distribution, por sity, and dry density have be n determined for iffe ent lay rs
of settled backfill in the columns. Typical results are presented in the following.
f r dif erent columns. Layer 1 represents the base layer of the column while Layers 2,
3 and so on represent the lay rs at higher elevations. F r the column f 10 cm (Figure 5a), the addition
of b nder in the HF increases the percentage of the fine part cl s (<80 µm), but has lit le effect on the
portion f he c ars particles. The D10 of the CHF reduced to 25 µm, compared to 31 µm of the HF
(see Figur 2 and Table 1). This increase i th fine particle portion can affect the hydraulic properties
of th backfill [29].
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For the column of 20 cm (Figure 5b), two grain size distributions curves were obtained with the
lower (Layer 1) and upper (Layer 2) samples. It can be seen that the CHF of Layer 1 is quite coarse with
a D10 close to that of the HF. However, the content of fine particles of Layer 2 increases significantly
with a D10 close to 10 µm, compared to 31 µm of the HF (see Figure 2 and Table 1).
For he column of 40 cm (Figure 5c), Layers 1, 2, and 3 show almost similar grains size distribution,
while Layer 4 represents fine material with 46.2% of particles smaller than 80 µm.
For the column of 80 cm (Figure 5d), the particle size distribution curves show that the content of
fine particles generally increases from the bottom to the top of the settled backfill. The two bottom
layers (Layers 1 and 2) are the coarsest with a D10 close to 150 µm, while the two top layers (Layers 7
and 8) are the finest with a D10 of 3.5 µm and more than 80% of fine particles (<80 µm). These results
indicate that the very coarse CHF, classified as a silty sand (SM), has changed to a clean sand at
the bottom, or a sandy silt (ML) on the top, or something inter ediate between the clean sand and
ML between the bottom and the t p, depending on the sample p sitions (elevations). An upward
migration of fin particles occurr d. Accordingly, an initially homogenous slurried backfill ended
by the f rmation of a heterogeneous material due to the fluidiz tion segregation. In addition, the
considerable difference between the particle size distribution curve of the top layer (Layer 8) and those
of the other layers (Layers 1 to 7) indicates that Layer 8 probably contains much more particles of
cement and thus has a higher cement content than Layers 1 to 7. This is confirmed by the strength test
results shown below.
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From the different particle size distribution curves shown in Figure 5, it is noted that the degree
of segregation and the migration of fine particles (including cement) increase as the size of the samples
increases. This clearly indicates that the test results obtained with standard test samples are not
representative of those of CHF mass in mine stopes.
Figure 6 shows the variation of the D50 (size of particles 50% passing) along the height of the
settled backfill within the columns of 20 cm (Figure 6a), 40 cm (Figure 6b), and 80 cm (Figure 6c),
respectively. For the column of 10 cm, the D50 is close to the HF shown in Figure 5a. For the column of
20 cm (Figure 6a), the D50 decreases from bottom to top layers with 230 µm for Layer 1 and 180 µm for
Layer 2. For the column of 40 cm (Figure 6b), one sees a slight decrease in the D50 of the three lower
layers from the bottom toward the top with an average value of 235 µm. A significant decrease of the
D50 is observed for the top layer with a value of 90 µm. For the column of 80 cm (Figure 6c), a clear
general trend can be seen with a decrease of the D50 as the elevation of the layer increases.
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columns 10 cm and 80 cm high, respectively. As an alternative of the void ratio, the variation of the
porosity can p rtly reflect the effect of segregation on the geotechnical properties of the CHF. For the
column of 10 cm (Figure 7a), the porosity of the three low r lay rs of measur ment is almost the sam
with a value of 0.3. An increase was observed for the two top layers of m asure nt with a value of
0.35 at the top of the fill. For the column of 80 cm (Figure 7b), the porosity remains almost constant
al g the height between 5 cm and 60 cm with a value of round 0.36. Near the top between 65 cm and
7 c of the settled backfill, the porosity bec mes mu h larger with a value of 0.49 for the top layer.
These r sults indicate that the top layers of the settled backfill are more porous than the lower layers.
These results are in lin with those reported by Potvin et al. [3] and Sivakugan et al. [72], who reported
some porosity values in the range of 0.36 to 0.49 for settled hydraulic backfill. It s ould be mentioned
that the variation of dry density is consistent with the measured values of porosity shown in Figure 7.
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Figure 8 shows the variation of the uniaxial compressive strength (UCS) along the height of
backfilled columns (note that the abscissa is elevation interval, not elevation). For each height group of
the settled CHF specimens, three columns were tested. The force obtained was converted to pressure
as a function of the diameter of the sample. Despite dispersion, the repeatability of the UCS results
is generally quite good at each height of the three tested specimens. For the 10-cm-high samples,
the measured UCS varies between 92 kPa and 141 kPa with an average of 121 kPa. For samples taken
from the 20-cm-high columns, the UCS of the lower part (between 0 cm and 10 cm) are almost the
same as that of the 10-cm-high samples, while the upper part (between 10 cm and 20 cm) exhibit
slightly lower UCS values. For the 40-cm-high samples, the bottom part (between 0 cm and 10 cm)
shows very little UCS ranging between 9 kPa and 15 kPa with an average of 12 kPa. From 10 cm to 40
cm, the samples have larger UCS values (close to that of the upper part of the 20-cm-high columns).
The general trend of UCS distribution along the 80-cm-high samples is quite similar to the 40-cm-high
columns. From 0 cm to 20 cm, the samples show very similar UCS values to that of the bottom (between
0 cm and 10 cm) of the 40-cm-high column. From 20 cm to 70 cm, the UCS values are close to those of
the 10 cm and 20 cm columns. The top layer between 70 cm and 80 cm shows a considerable higher
strength than the other part of columns with an average UCS of 370 kPa.
Minerals 2019, 9, x FOR PEER REVIEW  8 of 15 
 
Figure 8 shows the variation of the uniaxial compressive strength (UCS) along the height of 
backfilled columns (note that the abscissa is elevation interval, not elevation). For each height group 
of the settled CHF specimens, three columns were tested. The force obtained was converted to 
pressure as a function of the diameter of the sample. Despite dispersion, the repeatability of the UCS 
results is generally quite good at each height of the three tested specimens. For the 10-cm-high 
samples, the measured UCS varies between 92 kPa and 141 kPa with an average of 121 kPa. For 
samples taken from the 20-cm-high columns, the UCS of the lower part (between 0 cm and 10 cm) are 
almost the same as that of the 10-cm-high samples, while the upper part (between 10 cm and 20 cm) 
exhibit slightly lower UCS values. For the 40-cm-high samples, the bottom part (between 0 cm and 
10 cm) shows very little UCS ranging between 9 kPa and 15 kPa with an average of 12 kPa. From 10 
cm to 40 cm, the samples have larger UCS values (close to that of the upper part of the 20-cm-high 
columns). The general trend of UCS distribution along the 80-cm-high samples is quite similar to the 
40-cm-high columns. From 0 cm to 20 cm, the samples show very similar UCS values to that of the 
bottom (between 0 cm and 10 cm) of the 40-cm-high column. From 20 cm to 70 cm, the UCS values 
are close to those of the 10 cm and 20 cm columns. The top layer between 70 cm and 80 cm shows a 
considerable higher strength than the other part of columns with an average UCS of 370 kPa. 
 
Figure 8. Variations of uniaxial compressive strength of cemented hydraulic fill samples taken from 
columns of 10 cm, 20 cm, 40 cm, and 80 cm height; the elevation measured from the bottom of the 
columns. 
The results shown in Figure 8 are attributed to the effect of segregation. When the backfilled 
columns are short (e.g., 10 cm and 20 cm high), segregation occurs within very limited space for the 
migration of fines (including cement). The effect of segregation on UCS are thus insignificant. As the 
backfilled columns become longer, the migration of fine particles and cement can be more significant. 
The loss of cement near the bottom leads to very low strength while the accumulation of cement near 
the top results in much higher strength than other parts of the fill mass. 
4. Degree of Segregation 
The variations of the particle size distribution curves shown in Figure 5 along with the 
distribution of D50 shown in Figure 6 clearly indicate the occurrence of segregation within CHF. 
Several standards have been proposed to measure the degree of segregation resistance, mainly 
including the assessment of static segregation for self-consolidated concrete using penetration test in 
the field [73] and using column technique in the laboratory [39]. The former consists of measuring 
the settlement of coarse particles of concrete through the penetration depth of a tube in a filled 
container. This penetration depth allows to estimate qualitatively the degree of segregation 
resistance: resistant, moderately resistant, or not resistant. The latter refers to the comparison of the 
masses of coarse particles at the bottom and top of a column, expressed as [39]: 
fi
f 10 c , 20 cm, 40 cm, and 80 cm heigh ; the elevation measured from the bott m of
the columns.
he res lts sho n in Fig re 8 are attrib te to the effect of segregation. hen the backfille
colu ns are short (e.g., 10 c an 20 c high), segregation occurs ithin very li ite space for the
igration of fines (incl ing ce ent). he effect of segregation on S are th s insignificant. s the
backfille colu ns beco e longer, the igration of fine particles an ce ent can be ore significant.
he loss of ce ent near the botto lea s to very lo strength hile the acc lation of ce ent near
the top res lts in ch higher strength than other parts of the fill ass.
4. Degree of Segregation
The variations of the particle size distribution curves shown in Figure 5 along with the distribution
of D50 shown in Figure 6 clearly indicate the occurrence of segregation within CHF. Several standards
have been proposed to measure the degree of segregation resistance, mainly including the assessment
of static segregation for self-consolidated concrete using penetration test in the field [73] and using
column technique in the laboratory [39]. The former consists of measuring the settlement of coarse
particles of concrete through the penetration depth of a tube in a filled container. This penetration
depth allows to estimate qualitatively the degree of segregation resistance: resistant, moderately
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resistant, or not resistant. The latter refers to the comparison of the masses of coarse particles at the
bottom and top of a column, expressed as [39]:
S = 2(CAB − CAT)CAB + CAT , if CAB > CAT
S = 0, if CAB ≤ CAT
(1)
where S is the static segregation, and CAT and CAB are the masses of coarse aggregates at the top and
bottom sections of the column, respectively.
However, these qualitative methods for describing the segregation (including Equation (1)) neglect
the effect of the deposition methods, the dynamic displacement of the fine particles (and its content),
and space (distance) variation of different size particles. To overcome (partly) these limitations,
the following expression is proposed to quantitatively define the degree of segregation DS of a backfill






where N is the number of surveys; ∆li is the distance increment; D50.0 is the D50 of the initial slurried
backfill; D50.i is the D50 of the slurried backfill at the ith point of survey.
By applying Equation (2), the distribution of the DS can be obtained along the elevation of
each column.
Figure 9 shows the distribution of the DS with the elevation for the columns of 40 cm and 80 cm,
respectively. The average DS values are also plotted on the figure, with 4.6 µm/cm (or 4.6 × 10−4) and
7.1 µm/cm (or 7.1 × 10−4) for the columns of 40 cm and 80 cm, respectively. In general, the settled
backfill shows high degree of segregation near the bottom (Elevation 0 cm to 20 cm for both columns)
and the highest DS value near the top (Elevation 30 cm to 40 cm for 40-cm-high column, and 70 cm to
80 cm for 80-cm-high column), and the smallest DS value close to the mid-height (Elevation 20 cm to
30 cm for both columns) of the samples. These results are straightforward. During the drainage and
consolidation of slurried backfill, coarse particles settle down and fine particles move upward while
the particles of intermediate sizes can move down or up or even remain immobile, depending on the
particle size and the upward draining water flow. This results in a fill mass with more coarse particles
near the bottom and more fine particles near the top of the backfill. More specifically, as the column
base is undrained, the bottom part receives a large portion of coarse particles with some trapped fines,
leading to relatively high DS value. Near the top, most coarse particles move downward while the
finest particles arrive with the upward flow, resulting in a fill mass having a D50 much smaller than
that of the initial backfill as illustrated in Figure 6. This explains the highest degree of segregation near
the top of columns shown in Figure 9. The lowest degree of segregation close to the mid-height is
attributed to the interference between the upward movement of fines and downward migration of






























80 cm, DS 80 cm, average DS
40 cm, DS 40 cm, average DS
Figure 9. Variation of the degree of segregation (DS) along the height of settled backfill for columns of
40 cm and 80 cm, respectively; the elevation was measured from the bottom of the columns.
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It is interesting to note that the pattern of the degree of segregation observed in the backfilled
columns correlate well with the UCS distribution shown in Figure 8. Equation (2) seems to be
reasonable to quantitatively describe the degree of segregation for CHF.
5. Discussion
The segregation of CHF is investigated using samples prepared and cured in Plexiglas columns.
The occurrence of segregation and its effect on the physical and mechanical properties of the settled
backfill have been investigated. However, the test program includes the following limitations.
In this study, Plexiglas columns of 5 cm in diameter have been used to obtain standard cylinder
samples of the CHF for the uniaxial compressive tests. With such columns of small diameter, an arching
effect can take place during the self-weight consolidation of the slurried backfill. More tests can be done
with larger diameter columns to investigate the size effect on the physical and mechanical properties
of the backfill.
It is noted that the test program only involved one recipe with one particle size distribution,
one solid content, and one cement content. More tests are thus needed to investigate the influence of
these factors on the degree of segregation and physical and mechanical properties of the CHF.
In this study, no drainage was allowed through the base of columns. The drainage occurred
toward the surface of the backfill. This led to loss of fine particles and cement near the bottom
but accumulation of fine particles and cement near the top for the columns of 40 cm and 80 cm.
These results can be representative of backfilled stopes when the barricades are impervious or when
the draining systems are inefficient. Otherwise, drainage can take place toward the top and the bottom.
Apart from the migration of fine particles and cement, the drainage through the barricades may also
lead to loss of fine particles and binders [74]. More tests are needed to see the influence of base drainage
on the degree of segregation and resulting spatial variation of the physical and mechanical properties
of the fill mass.
During the unconfined compressive tests, two types of failures are generally observed: diagonal
shear (Figure 10a) and vertical split (Figure 10b). For a given formulation, Liu et al. [22] have shown
that the specimens generally exhibit higher UCS under diagonal shear failure mode than under vertical
split failure mode. In this study, however, the samples at the bottom of the backfilled columns showed
diagonal shear failure mode (Figure 10a), while all the samples taken from the top showed vertical
split failure mode (Figure 10b). As the top samples contain much more cement than the base samples,
the top samples are much stronger than the base samples although the former exhibits split failure
while the latter exhibits diagonal shear failure.
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In this study, Equation (2) has been proposed to quantitatively describe the degree of segregation
DS. Only the spatial variation of D50 was considered here to have a simple definition of DS.
More representative expressions can be defined by including other key parameters, such as D10,
D30, D60, and even Cu and Cc of the material.
In mining backfills, the degree of consolidation is seldom considered. Rather, one usually refers a
curing period of 7, 14, 28, and 56 days. In this study, the tested backfill is a hydraulic backfill and the
hydraulic conductivity is relatively high (around 2.4 × 10−6 m/s). A curing period of 28 days can be
estimated as long enough for the cemented backfill to reach a full self-weight consolidation. This is
partly confirmed by the thicknesses of the settled backfill, estimated using an analytical solution of
Yang and Li [67], developed for estimating the final ponding height at the top surface a hydraulic
backfill at the end of self-weight consolidation. However, as the degree of segregation depends on the
degree of self-weight consolidation, more work is needed to investigate the relationship between these
two key aspects of the backfill.
Finally, the results presented above indicated that the strength tests with standard samples of
5 cm in diameter and 10 cm high may not be representative of the strength of fill mass in backfilled
stopes with CHF. More work is needed to establish a model that can be used to estimate the strength
distribution of the fill mass placed in the stopes.
6. Conclusions
Upon deposition of the CHF, segregation of fill particles takes place and significantly influences
the physical and mechanical properties of the backfill placed in openings. However, there are few
studies on the characterization of the distribution of mechanical property within hydraulic fill due
to segregation. It is particularly uncommon to quantify the spatial variation of the segregation and
the resulting geotechnical properties after a backfill is placed in an opening. There is also a gap in
quantitatively characterizing the degree of segregation using an appropriate expression or definition.
In order to fill these gaps, laboratory tests were performed with different heights of samples prepared
in Plexiglas columns. A part of the experimental results is presented in the paper. The main findings
are summarized as follows:
• When the sample columns are short, segregation can take place, but the migration of fine particles
and cement is restricted within a limited space. The effect of the segregation on the mechanical
properties is not significant.
• When the samples columns are high, the migration of fine particles and cement can significantly
affect the spatial distribution of the physical and mechanical properties of the settled backfill.
• The results also indicate that the UCS tests performed with standard samples of 5 cm in diameter
and 10 cm high can provide a good estimation for the most part of the large samples. However,
it can largely overestimate the strength of the bottom part and underestimate the strength
of the top part of the fill mass when the hydraulic backfill is confined in an opening under
base-undrained conditions. This represents the case where the backfill is placed in a mine stope
with an undrained barricade.
• This work paves the way for establishing a model that can be used to estimate the spatial
distribution of the strength of fill mass settled in a mine stope.
• An expression (Equation (2)) has been for the first time proposed to quantitatively describe the
degree of segregation DS of hydraulic backfill. The good agreement between the DS pattern
defined by Equation (2) and the UCS distribution tends to indicate that the proposed definition is
adequate to quantify and qualify the segregation of hydraulic backfill.
• More work is necessary by considering varying materials and base-drainage conditions.
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